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Foreword

The following document was prepared by CHABA Working Group 46. This
group was charged, upon request from the ‘urgeon General of the U. S. Army, to
specify damage risk criteria for exposure to sound. The report contains graphs of
maximum sound pressure levels and durations of exposures that the Working Group
believes would be tolerable and examples of the use of these graphs. This material
is followed with background information and a discussion of the rationale, assump-
tions, limitations, and general problems pertinent to the development and application
of a damage risk criterion and related exposure contours.

The report is intended primarily for technical persons working in this problem
ares in the military services and other government agencies. No attempt is made to

interpret or simplify the report or procedures contained therein for special or
particular operational situations.

Karl D. Kryter, Chairman
Working Group 46

January, 1965

iii




Table of Contents

Page No.

Graphic Representation of Damage Risk Contours . . . . . . . . . . 1
Digcussion of Damage Risk Contours . . . . « + « « « « 4 « « .+ . 19
Background . . . . . . L L L L 0L 0 o e s e e e e e 20
Damage Risk Criterion. . . . . . « . . v . . o 0000 e . . 22
Bases for Specification of Tolerable Exposure

to Sound . . v v v vt e e e e e e e e e e e e e e e e 23
Variability in Susceptibility to Threshold Shift . . . . . . . . . . . 26
Hearing Conservation and Monitoring Program . . . . . . . . . . . 28
Physical Measurement of Sound . . . . . . « « . . . . 4 0 . 29
References . . « « o v v v v v v v v et e e e e e e e e e e 31




HAZARDOUS EXPOSURE TO INTERMITTENT
AND STEADY-STATE NOISE

Graphic Representation of Damage Risk Contours?

Figures 1 and 2 present damage risk contours for octave bands and one-third
octave bands of noise. Figure 3 presents damage risk contours for pure tones.
Figures 4 through 1l provide functions showing damage risk contours for interrupted
exposures to bands of noise. Figures ] through 11 are to be applied vo diffuse field
and, presumably, free field environments.

Although the damage risk contours presented in the following figures are in
terms of pure tones or one-third and full octave bands of noise, these figures are
to be used in the evaluation of noises that have greater bandwidths, i.e., extend
over more than one octave. The level of each one-third or full octave band in a
broader band noise of a specified duration is to be compared to the damage risk
contours given in the figures which follow.

If any single band exceeds the damage risk contours specified, the noise can
be considered as potentially unsafe. As progressively more one-third or octave
bands of a broader band noise reach the damage risk contours, the hearing loss will
become extended over a wider and wider range of the sound frequencies to which the
ear is sensitive. Nevertheless, hearing loss at any one frequency region should not
be significantly greater than that expected from exposure to a band of noise located
about one-half octave below that particular frequency region (Kryter, 1960; 1963;
Ward, Glorig, & Sklar, 1959a).

I'The phrase '"damage risk contours' refers to curves showing various relations
among sound pressure level, band center frequency of a sound, and the temporal
nature of exposures that will provide the damage risk to hearing specified in a
criterion. The criterion of what constitutes a tolerable hearing loss or a tolerable
damage risk to hearing accepted by the Working Group is given in a later section.
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Fig. 1

Purpose: (a) To show the maximum allowable sound pressares for bands of

noise of known frequency and duration to which a person is exposed but once
per day.

Example: The maximum tolerable sound pressure level allowed for a daily ex-
posure duration of 50 minutes (min) to a 2400-4800 cycles per second (cps) octave
band of noise is found by entering Fig. 1 on the vertical line for a 50 min duration.
This line crosses the curve for the 2400-4800 cps band at approximately 89 decibels
(dB) {left-hand ordinate). Therefore, the maximum tolerable level is 89 dB.

Example: A noise that has a width of one-third octave or less, an approximate
band center frequency of 4000 cps and a daily duration of 50 min would have a maxi-
mum tolerable level of about 84 dB (right-hand ordinate).

Purpose: (b) To show the maximum allowable durations for bands of noise

of known frequency and snund pressure level to which a person is exposed
but once per day.

Example: The maximum daily duration for a 2400-4800 cps octave band of
noise having a sound pressure level of 100 dB is found by entering Fig. | on the
horizontal line for an octave band level of 100 dB (left-hand ordinate). This line

crosses the curve for the 2400-4800 cps band at 9 min, the maximum allowable
duration once per day.

Example: A noise that has a width of one-third octave, an approximate band
center frequency of 4000 cps and a sound pressure level of 100 dB (right-hand ordi-
nate} would have a maximum tolerable daily duration of 5 min.

In a similar manner, one can find either maximum sound pressure levels for
given durations or maximum once-per-day durations for given sound pressure levels
for the octave and one-third octave or narrower bands of noise indicated on Fig. 1.
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Fig. 2

Purpose: To show the maximum tolerable sound pressure levels for various
once-per-day durations of exposures to bands of noise having any particular
center frequency.

Example: The maximum tolerable sound pressure level of an octave band of
noise having a band center frequency of 3000 cps and a daily duration of 3 min is
found by entering Fig. 2 on the vertical line for 3000 .ps; this line intercepts the
3 min duration contour for an octave band at 110 dB (left-hand ordinate), the
maximum tolerable level once per day for that noise.

Example: The vertical line for a one-third octave band of noise having a
center frequency of 3000 cps intercepts the 3 min contour at 105 dB (right-hand
ordinate), the maximum tolerable level once per day for that noise.

ZThe band center frequencies and cutoff frequencies of filters that are generally
used will be found in Table 2 of this report,
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Fig. 3

Purpose: The purpose and use of Fig. 3 are the same as Fig. 2, except that
Fig. 3 should be used only when the sound is predominantly a pure tone.
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Use of Figa. 1, 2, and 3 with Sounds Having Fluctuating Level

Figures 1, 2, and 3, for single exposures, apply not only to noises whose level
is constant over the exposure period, but also to those with a fluctuating level, pro-
vided that (a) the noise does not remain at a single level more than 2 min, and (b) the
level never drops below the 480 min curves on Figs. 2 and 3, i.e., the level that can
be tolerated for a full work~-day. The effective level of such a varying noigse is equal
to the average sound pressure level (SPL) of the noise over the exposure period.

Example: The level of a noise whose maximum energy is in the 1200-2400 cps
octave band varies between 90 and 110 dB, 30 second (sec) bursts of 110 dB alternat-
ing with 90 sec intervals of 90 dB. The effective level is, therefore,

(30 sec x 110 dB + 90 sec x 90 dB)/(30 sec + 90 sec) = 95 dB SPL.

From Fig. 2, the maximum tolerable exposure to this noise is seen to be about
35 min.

Example: A generator with a pronounced whine at 1000 cps varies in output
level between 100 and 120 dB. Measurement shows that the time distribution of the
levels is as follows: 120 dB 25 per cent of the time, 110 dB 40 per cent, and 100 dB
35 per cent. The average level is, therefore, 120 x .25+ 100 x .40+ 100 x .35 =
109 dB. Figure 3 indicates that the maximum tolerable exposure to this whine is |
about 5 min.
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Figs. 4, 5, 6, and 7

The use of Figs. 4, 5, 6, and 7 is limited to gituations in which (a) there is
alternation between noise and cffective quiet throughout the duration of daily ex-
posure, and (b) individual noise bursts do not exceed 2 min in duration. 'Effective
quiet'" exists when the noise level drops below the 480 min curves of Figs. 2 and 3;
the ""duration of daily exposure'' consists of the sum of the durations of the noise
bursts and the effective quiei. "On-fraction' (the parameter of Figs. 4, 5, 6, and
7) is the ratio of noise burst duration to duration of daily exposure; thus, it is not
the ratio of noise time to quiet time, but the noise time divided by the noise-time-
plus -quiet-time,

Purpose: (a) To show the maximum tolerable sound pressure levels for bands
of noise having certain center frequencies,

Example: The maximum tolerable level of the 300-600 cps octave band of noise
that is on for 1 min periods followed by ! min periods of relative quiet (an on-fraction
of 0.5) and a total period of exposure that continues for 60 min is found by entering
Fig. 4 on the vertical line for 60 min. This line crosses the curve for an on-fraction
of 0.5 at a sound pressure level of approximately 127 dB (left-hand ordinate of Fig.
4}, the maximum tolerable level for the 300-600 cps octave band, during the "on'
period. The maximum tolerable level in a 300-600 cps octave band of noise would
be 89 dB during the "off" period in this case.

Purpose: (b) To show the maximum duration of daily exposure for bands of
noise having certain center frequencies and known sound pressure levels and
known on-fraction.

Example: A one-third octave band of noise centered at 500 cps (Fig. 4) has a
level that follows this sequence repetitively: 30 sec at 110 dB SPL, 30 sec at 100 dB,
and 40 sec at 70 dB. The noise is, therefore, ''on' for 60 sec at an effective level of
105 dB, and "off" for 40 sec, giving an on-fraction of 60/(60 + 40) = 0.6. The point
of intersection of the 0.6 on-fraction contour and the 105 dB right-hand ordinate
(since this is a one-third octave band of noise) is at 130 min., Thus, 2 hours (hr) of
exposure to this particular sequence can just be tolerated.

The use of Figs. 5, 6, and 7 is the same as that illustrated above for Fig. 4,
except, of course, that they should be used only when the sound has the band limits
or the band center frequencies indicated on the respective figures.
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Figs. 8, 9, 10, and 11

Purpose: To show the interval of effective quiet that musat follow an exposure
to an octave band or one-third octave or narrower band of noise having a speci-
fied sound pressure level and duration, before the exposure can be repeated
during the work day. Effective quiet, again, exists whenever the noise level
drops below the contour in Fig. 2 for 480 min. These figures are to be used
when the noise bursts are longer than 2 min in duration,

Example: A 300-600 cps octave band of noise (Fig. 8) having a sound pressure
level of 115 dB (fourth contour from the left, as indicated by the top row of numbers
on Fig. 8), and a duration of 10 min would require 45 min of effective quiet following
the noise burst before a person could be exposed again to the noise, throughout the
480 min work day. Thus, an individual could be exposed eight or nine times to this
10 min noise during the work day, provided he was given a 45 min rest between
each exposure,

Example: A one-third octave band of noise with a center frequency of 2000 cps
displays the following time course. For 10 min the noise level alternates regularly

between 90 and 100 dB, then drops to 70 dB (effective quiet) for 30 min. The effective

level of the noise during the 10 min is thus 95 dB; Fig. 10 indicates that a 10 min ex-
posure to 95 dB (third contour from the left, indicated by the second row of numbers
at the top of Fig. 10}, need be followed by only about 16 min of effective quiet.
Therefore, the observed pattern (10 min noige, 30 min quiet) is tolerable over the

8 hr work day.

Example: A noise having its maximum energy in the octave band 2400-4800 cps
has an effective level of 100 dB and must be on for 10 min. The intersection of the
100 dB octave band contour in Fig. 11 and the 10 min burst duration (abscissa) cannot
be found on the graph, suggesting that a single 10 min exposure will probably exceed
the criterion. This is verified by consulting Fig. 1, which shows that a single 9 min
exposure is all that can be tolerated in a single day.
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Discussion of Damage Risk Contours

Relations shown in Figs. 1 through 11 are based either upon direct measures
of temporary threshold shifts or permanent noise-induced lossea in hearing resulting
from exposure to sound or extrapolations from such data, as will be discussed later.
In general, there has been a sufficient amount of research in this problem area so
that both the data points and extrapolations have been verified to a reasonable extent
by one or more independent investigations. However, some of the relations are based
on less evidence than others. For example:

1. The maximum levels to be allowed regardless of duration (the top curves
of Figs, 1l and 3) are eastimates that are not supported by direct experi-
mental data.

2, The data supporting the damage risk contours for pure tones are not as
extensive a8 those for the octave or one-third octave bands of noise, and
as such may be subject to change. Because of the extensiveness and
similarity of results found with bands of noise by various investigators,
it is felt that the damage risk contours for bands of noise are valid.

3. As yet, there are very few data on the effects of sounds below 100 cps and
above about 7000 cps. In the opinion of the Working Group there is at the
present time insufficient evidence to warrant extrapolating the damage risk
contours as a function of frequency beyond the frequencies mentioned.

4, It is found that noises that are one octave in width will provide a degree of
shift in threshold of audibility similar to that resulting from exposure to a
one-third octave band having the same center frequency, but 5 dB less in-
tense than the octave band of noise (Carter & Kryter, 1962; Kryter, 1963).
Further verification of this result is needed, however, before this differ-
ence between the cffect on hearing of one-third and vctave bands of noise
having the same center frequency can be considered as proven.

As will be seen from a comparison of Figs. 2 and 3, the ear is lesa tolerant
of low -frequency pure tones than it is to narrow bands of noise in the same frequency
region. The explanation for this difference is apparently to be found in the actions of
the aural reflex (Ward, 1962a; 1962b). This reflex is such that when the ear is ex-
posed to intense bands of noise it can provide, depending on the level, as much as
15 dB or so of effective protection for low-frequency sounds being transmitted to the
inner ear. However, the refiex is not maintained by pure tones, and as a result the
tolerable sound pressure level for low-{requency tones below 1000 cps is much less
than it is for bands of noise with frequencies below 1000 cps.
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Background

For the past 20 years or so there has been considerable interest in '"damage
risk criteria' for sounda, the maximum levels and durations of sounds of different
apectra to which pecple can be safely exposed without endangering their hearing. 3
The establishment of damage risk criteria and contours is required because in many
industries and in military services persons are exposed to sounds that lead to perma-
nent and significant impairment in the hearing of some of those persons.

CHABA, now the NAS-NRC Committec on Hearing, Bicacoustics, and Bio-
mechanics, was asked by the Armed Services in 1955 for advice with respect to
damage risk criteria and contours, the advice to be based on research data available
at that time. On the basis of CHABA recommendations, the Air Force prepared a
document which prescribed both dammage risk criteria for hearing and hazardous noise
exposure (U. 8. Air Force, 1956). Recently, CHABA was asked by the Office of the
Surgeon General, U. S. Army, to re-evaluate, on the basis of new knowledge in this
field, the question of damage risk criteria for exposure to sound. To this end,
CHABA Working Group 46 was established. This Working Group has analyzed the
research data and problems in this general area and has concluded thal a new set of
rules and recommendations can be prescribed with respect to damage risk criteria
and contours for exposure to steady sound. These new rules and recommendations
take into account research data that were not available when Air Force Regulation
160-3 was published (1956).

Tolerable exposures, in terms of sound pressure levels, gpectrum character-
istics and durations, can, it was found, be specified at the present time only for
approximately steady sound (ncise and pure tones) as distinct from impulsive sound,
and the recommendations made herein are directed towards steady sound. By "steady"
sound is meant sound that remains steady over at least several seconds as would be
required for measurement of overall level with a typical sound level meter. By
‘'noige' is rneant that the spectrum of the sound is complex, i.e., does not consist of
merely a single or even several pure tones. This definition allows for intermittent
exposures to steady sound, but is intended to exclude short bursts of sound that reach
a maximum level and then decline in level within less than 1 or 2 sec.

In their approach to this task, the Working Group attempted to follow two
principles.

3It has been general practice in the past to label tables or graphic curves showing
the maximum sound pressure levels and durations of sound that can be tolerated
in accordance with a criterion such as that to be given in a following section as
""damage risk criteria.'" In this report, the phrase '"damage risk contours' is
applied to such curves, and the phrase '"damage risk criterion' is reserved for
the specification of the degree of the risk and damage to hearing to be considered
as acceptable or practical.
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1. The criteria, contours, and conclusions would be based on data concerned
with either temporary or permanent effects on hearing from exposure to
sound. No attempt was to be made to '"average'' or give preference to any
previous estimates of damage risk contours; accordingly, the extrapolations
and assumptions found to be necessary to develop general damage risk con-
tours were made only with respect to actual data.

2. The damage risk criteria should take some cognizance of the fact that more
protection should be provided in the lower {requency regions (where a major
portion of the energy in the speach spectrum falls) than in the higher fre-
quency regions because of the extreme importance of preserving man's
ability to communicate by apeech. At the same time, these criteria should
include as much of man's audible frequency range as present data will per-

mit, so that one can estimate the impact upon hearing of as wide a frequency
range of sounds as is presently possible.

The Working Group also evaluated the knowledge available with regard to the
effects of impulsive sounds, such as gunfire, upon hearing. The group concluded
that further research data must be acquired with respect to such physical parareters
as peak sound pressure level, repetition rate, number of exposures, spectrum, etc.,
before damage risk contours for impulsive sounds can be specified. It is estimated
that in the near future it may be possible to formulate damage risk contours for im-
pulsive sounds that approach the generality to be found in the relations given for
steady sound. While exact limits cannot be set, the Working Group did find evidence
that repeated exposure to some types of acoustic impulses exceeding 140 dB in the
ear canal of the listener can result in significant losses of hearing in some persons.
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Damage Risk Criterion

‘The basgic criterion adopted by the Working Group is that a sound environment
will be deemed acceptable if it produces, on the average, a permanent sound- or
noise-induced hearing loss in people after ten years or more of near-daily exposure
of no more than 10 dB at 1000 cps or below, nor more than 15 dB at 2000 ¢cps, or no
more than 20 dB at 3000 cps or above. The present criterion is concerned only with
the range of frequencies from 100 to 7000 cps. This criterion allows less hearing
loss at lower frequencies than at higher frequencies in order to provide greater pro-
tection for hearing in the frequency region containing the major portion of the energy
found in the normal speech signal.

The phrase ''sound- (or noise-) induced permanent hearing loss' meana that a
person has suffered a shift or depression in his threshold of audibility as a result
solely of exposure to the sound environment under question. Aging or other factors
affecting the hearing mechanism are presumably eliminated from consideration.

The problem, of course, is to specify the maximum durations and spectra of
sound that will result, on the average, in permanent hearing losses that just meet
this criterion. Exposures that exceed these maxima may be considered as poten-
tially unsafe for a significant portion of human listeners; exposures that are less
than, or meet, these maxima may be considered safe for the majority of people
exposed to them:. Estimates of the statistical distribution of hearing losses to be
expected in a large population of persons exposed to sounds that meet the criterion
are given in Table 1.
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Bases for Specification of Tolerable Exposure to Sound

In attempting to specify the maximum tolerable exposure that would meet the
criterion in the previcus section, the Working Group used data from {a) studies of
permanent losses of hearing incurred by workers in industries {Kylin, 1960; Nixon
& Glorig, 1961; Rosenwinkel & Stewart, 1957; Rudmose, 1957), and (b) studies of
temporary threshold shift (TTS) conducted in research laboratories {Carter & Kryter, ‘
1962; Davis, Morgan, Hawkina, Galambos, & Smith, 1950; Kryter, Weisz, & Wiener,

1962; Kryter, 1963; Kylin, 1960; Miller, 1959 Ward et al., 1958; 1959a; 1959b; 1
1959c; Ward, 1960; 1962a; 1962b). In the absence of truly adequate data, a practical
approximation for a solution to the problem was required, and the recommendations

of the Working Group depend on a somewhat indirect approach. The approach taken

is described below.

3
B

Permanent logses of hearing are usually described in terms of permanent
threshold shift (PTS). Noise-induced permanent threashold shifts (NIPTS) are the
losses that should be determined in order to define maximum tolerable exposures
to sound. NIPTS presumably excludes threshold shifts associated with increased |
age, diseases, etc. Unfortunately, atudies of the hearing of industrial workers do *
not provide direct measures of NIPTS, i.e., pre-exposure hearing sensitivity vs.
post-exposure hearing sensitivity in the same persons. However, the magnitudes of
NIPTS have been estimated in most of the industrial studies cited by correcting the
post-exposure hearing levels of the industrial workers for the average effects of aging
or presbycusis. There have been systematic differences in methods of calibrating
audiometers and of correcting thresholds for the effacts of age among the various
studies from which NIPTS was catimated. Accordingly, the NIPTS values deduced
from these studies may be in "error' with respect to "true'' NIPTS, but the amount
of the error is almost certainly less than 10 dB (Kylin, 1960; Nixon & Glorig, 1961;
Rosenwinkel & Stewart, 1957; Rudmose, 1957),

Studies of the hearing of industrial workers provide insight into the general
relations among NIPTS, the spectrum of the noise, level of noise, duration of daily
exposures, and number of years of exposure. In particular, there are good data
relating NIPTS to exposures to broadband, steady noises incurred daily, 8 hr per
day for years. Maximum tolerable exposures to the same noises can be specified
for the NIPTS criterion directly from the data. Comparable data do not exist for
many shorter exposures to noise, for exposures to intermittent noise, or for repeated
short exposures with intervening rest periods; but an assessment of these classes of
exposures can be made in terms of temporary threshold shift produced in young
normal ears by noige exposures that are comparable to those encountered in a single
working day in the industrial studies of NIPTS.

o AR b A

Temporary threshold shift (TTS), the difference in the threshold of audibility
measured before and after exposure to sounds, is characterized by the fact that after
a period away from intense sound, usually a matter of hours, the person's threshold
of audibility that was elevated by the exposure to noise has returned to its pre-exposure -
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level. To provide a uniform reference for this changing threshold shift, the TTS 2
min after the end of exposure (TTS;) is commonly used to describe the amount of
TTS produced by any particular exposure to noise.

Studies of TTS, conducted under contirolled laboratory conditions, have pro-
vided knowledge of the relations among variations in spectrum, level, duration,
repetition rate, and other characteristics of sound to TTS to a degree not pogsible
for NIPTS. The tolerable noise exposure contours that cannot be specified for a
criterion NIPTS, can be specified for a criterion TTS. At present, the relations
between NIPTS and TTS are not precisely known, but the prospect of equating a
great variety of noise exposures in terms of some cummon dimension of hearing,
such as TTS, is both rational and inviting. As a practical matter, the Working
Group agreed to use damape risk contours derived from TTS; values that are equal
in decibels to the criterion values for PTS. In effect, the Working Group adopted a
aecondary criterion; that is, TTS; of no more than 10 dB at 1000 cps or below, no
inore than 15 dB at 2000 cps, and/or no more than 20 dB at 3000 cps or above, as
measured in young adults with normal hearing. It is postulated that TTS will rank
the various kinds of exposures encountered in a single day's assignment in the same
manner as would TTS measured at any later time after exposure. This assumption
is supported by evidence that T'TS's maintain their rank order during recovery, and

by evidence that recovery from TTS; does not depend on how the TTS; was produced
(Ward, 1960).

For these reasons, TTS, is postulated to be a consistent measure of the effects
of a single day's exposure to noise. (Postulate I)

The second postulate is that TTS is not only a consistent measure of a single
day's exposure ta noise, but also a measure of the hazard asscciated with years of
such exposures. Postulate II can be stated, "all exposures that produce a given
TTS, will be equally hazardous."

This is a key assumption in the Working Group's reasoning. There is little
direct evidence to support this assumption. Indeed, it is8 recommended that future
groups approaching this task should carefully re-evaluate Postulate II. It may be,
for example, that exposures producing the same TTS; will have to be separated into
distinct classes in order that this postulate be exactly correct.

Nonetheless, at present, members of the Working Group believe that the TTS,
from a single day's exposure to noise is » measure which will correlate with ability

of a single day's exposure to produce NIP S, if it is repeated on a near-daily basis,
over a course of about ten years.

A third and stronger postulate concerns the quantitative relation between TTS,
and NIPTSw p+ There is evidence (Glorig, Ward, & Nixon, 1962; Kylin, 1960;
Nixon & Glorig, 1961; Rosenwinkel & Stewart, 1957; Rudmose, 1957) that the NIPTS
eventually produced after many years of habitual exposure, 8 hr per day, is about
numerically equal to the TTS, at 1000 cps produced in young normal ears by an 8 hr
exposure to the same noise; the NIPTS at 2000 cps produced after many years of
habitual exposure, 8 hr per day, is about 5 dB less than the TTS at 2000 cps produced
in young normal ears by an 8 hr exposure to the same noise; while the NIPTS at 4000
cps eventually produced after many years of habitual exposure, 8 hr per day, is about
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3 dB greater than the TTS; at 4000 cps produced in young normal ears by an 8 hr
exposure to the same noise. Although the correspondence between NIPTS and TTS),
as measured in these experiments, is not as precise as would be desirable, it should

be noterl that there was reasonable agreement among the results of the various studies
made of NIPTS and TTS, (Kryter, in press).

A broad generalization that might be made from data is that mean NIPTS g v
in a given population has linear regression on TTS, with slope one and intercept zero.
1f this generalization is correct for all test frequencies and all classes of exposures,
then NIPTS)q yr would, on the average, be equal to TTS,. It is, however, for pres-
ent purposes not necessary to generalize to this extent from the NIPTS and TTS) data;
it is sufficient for the drawing of the contours given in this report to postulate (Postu-
late III) that NIPTS o yr 18 approximately equal to the TTS; set of criteria.

It would not surprise the members of the Working Group if, in the future, the
relation between TTS; and NIPTS g ,, is found to be curvilinear, or of slone differ-
ent from cne, or intercept different Irom zero, and, furthermore, it is possible that
slightly differing curves relating TTS; to NIPTS |0 yr will be required for various
classes of exposures. Nevertheless, Postulate III was used as stated as the best
available engineering approximation Lo the facts as they are now available.

Thesv postulates, which will need periodic review, provide a rational way to
arrive at damage risk contours for short, intermittent, and interrupted exposures to
noise., The criteria provided by this method secrn to be more realistic than the equal«
energy assumption employed by Air Force Regulation 160-3 (U.S. Air Force, 1956).
In that document, the potential hazard of a noise exposure was assumed to depend on
the total energy in a given actave band entering the ear, regardless of the temporal
pattern. Thus, a steady 4-hr exposure at 88 dB SPL was taken to be as dangerous
as a steady 8-hr exposure at 85 dB SPL, or 2 an intermittent exposure in which the
88-dB noise was on only half the time during the day, say, on 30 sec, off 30 sec, The
main shortcoming of this systemn was that it failed, in effect, to consider recovery of
the ear between noise bursts, and was, it appears, overly conservative. When noisge
control is very expensive, a more precise estimate of a hazardous noise contour can
avoid the cost of unnecessary degrees of noise control. The contours based on TTS)
allow some more intense, short exposures than does AFR 160-3, and, it is believed,
provide a guide for noise control which, in the light of current information, is more
reasonable and realistic. The contours based on TTS, are complex and their use
may sometimes require personnel with special experience not found at most field in-
stallations. However, the Working Group assumes that there will be many occasions
when the cost of providing the necessary special experience or expert advice will be
much less than the cost of unnnecessary noise control.

One additional warning concerning the use of the proposed damage risk contours
is in order. It is not safe to extrapolate or to scale proportionately from the contours
given in Figs. ] through 11 in an attempt to meet other sets of conditions of exposure
(for a limited number of years of military service, for example), or for the protec-
tion of different amounts of hearing. In order to derive damage risk contourr for
other conditions of exposure and hearing than those specified in this document, one
must return to and use the original data on TTS and NIPTS, as well as make certain
calculations regarding the effects of relatively brief intermittent exposures upon TTS.
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Variability in Susceptibility to Threshold Shift

The variation around an average NIPTS is an important aspect of the practical
problem of hazardous exposure to noise. The true risk to individuals is described
as much by measures of variation as it is by measures of central tendency. De-
scription of variations of NIPTS around the criterion adopted by this Working Group
is difficult since the noise exposure contours in the report were written to secondary
criteria of specified amounts of mean TTS; and, in addition, there are only few data
that allow direct estimation of the variability of NIPTS around the mean NIPTS set
as the primary criteria. There are, however, isolated sets of data on (a) the vari-
ability of TTS; (Kryter, et al., 1962; Kylin, 1960; Miller, 1959), (b) recovery from
TTS, (Ward et al., l959b Ward, 1960), and (c) the variability of the NIPTS (Glorig,
etal., 1962, Kylin. 1960; Nixon & Glorig, 1961; Rosenwinkel & Stewart, 1957;
Rudmose, 1957) presumed from the hearing levels measured on noise-exposed per-
sons in industry. Strictly speaking, each set of data is valid only in isolation, but

taken together they provide some clues to the probable order of magnitude of the
variabilities to be expected.

When mean TTS; is 20 dB, the standard deviation of the dxstribution of TTSy's
for individual ears is 6 dB to 7 dB (Kryter, et al., 1962; Kylin, 1960).4 For similar
conditions, the standard deviation of the distribution of TTS2's from a given ear that

has been given repeated but widely spaced exposures to noise is about 4 dB (Lightfoot,
1955; Miller, 1959).

A TTS; that approaches or exceeds 40 dB can be taken as a signal that danger
to hearing is imminent. This statement is supported as follows.

1. There is a rapid increase in the time to recover from TTS as TTSp
approaches and exceeds 40 dB; recovery to pre-exposure threshold requires about
16 hr if TTS; is less than 40 dB, but more than 16 hr and even several days or weeks
may be required if TTS; exceeds 40 dB (Ward, 1960).

2. Prolonged cases of TTS with initial values of about 40 dB have been observed
in laboratory cats after exposures to noise that were only slightly ghorter than ex-
posures that produced acute traumatic NIPTS (Miller, Watson, & Covell, 1963).

Now, fewer than 1 per cent of young, normal ears exposed on one occasion to
a noise exposure on the contours of this report would sustain TTS,'s that exceed
40 dB. For these conditions and ears, the probability of TTS;'s that exceed 40 dB
becomes negligible for those frequencies at which mean TTS; is only 10 dB or 15 dB.
Thus, it is nearly certain that only a very small proportion of the population would
exhibit clear signs of possible danger to hearing if the exposures on the contours were
widely spaced in time and limited to young, normal ears.

4Wa.rd. W, D. Personal communication to Working Group 46, 1963.
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In the actual field situation, however, it is recognized that other factors may
be important contributors to NIPTS. Variability in the threshold shifts can be pro-
duced by variability in the actual exposures encountered in the work environument and
outside of the work environment (for example, when hunting with a gun), as well as
by possible cumulative effects of repeated, near-daily exposures to noise. Further-
more, while recovery is initially complete in 16 hr from TTS;'s that are less than
40 dB, it is possible that recovery may f{ail to he complete as such exposures are
repeated over & period of years.

The empirical distribution of NIPTS's in a population of noise-exposed indue -
trial workers is much broader than that for TTS;. Examples of this variation of
NIF'TS are shown in Table 1. Discussion of plausible hypotheses to explain the
greater variations around the mean of NIPTS than the variation around the mea:: nf
TTS for a given noise condition is beyond the scope of this report. The practical )
consideration is that when exposures to noise lead to some average NIPTS, there
will always be a few ears that show rather large NIPTS.

Table 1

Estimated Percentage of People Having Various Degrees
of Presumed NIPTS Following Years of Expogure to a Given
Industrial Noise Environment

Column 1 Column 2 Column 3 Column 4
Test frequency Median NIPTS (50 percentile) 20 percentile 10 percentile
1000 cps 10 dB 20 dB 30 dB
2000 cps 15 dB 30 dB 45 dB
3000 cps 20 dB 40 dB 60 dB

1. Based on Nixon & Glorig, 1961; Rudmose, 1957.
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Hearing Conservation and Monitoring Pragram

Table | shows that in industrial situations, oae can expect some portion of a
group of people to have rather large hearing losses, even though the average hearing
losses for the group, according to some criterion, may be acceptably small. It is
highly probable, of courae, that the variability in hearing losses exhibited by indus~
trial workers is partly due both to variations in the noise exposure reportedly present
in their work situations, and to exposure to noises outside of their occupations.

If the hearing losses allowed in the criterion adopted by this Working Group are
judged to be acceptable, it ia clear that the tolerable exposures given will be unsafe
for a certain portion of a given population. It is believed that it is well nigh impossi-
ble to specify practical maximum tolerable sound levels and exposures that are safe
for 100 per cent of the population; where to draw the line is a matter of judgment.

For this reason, when environmental noise conditions are such that the above damage
risk contours (DRC's) might be equalled or exceeded, hearing conservation programs,
when feasible, are desirable in order to forestall the development of sound-induced
hearing losses in ears having a relatively great susceptibility to hearing loss.

Such a program would consist of periodically measuring or monitoring the
auditory sensitivity of people exposed to an intense noise or sound, and removing
from the noise eanviranment those persons who are first to show significant changes
in hearing sensitivity, This monitoring procedure is part of the hearing conserva-
tion program of some industries and the Armed Services, where persons are :
regularly exposed to high-intensity noise.

The Working Group wishes to emphasize the fact that for many noise environ-
ments the wearing of devices such as earplugs or earmuffs can prevent the develop-
ment of significant hearing losses in people exposed to noise. The use of such
devices should be considered whenever noise exposures approach, equal, or exceed
the damage risk criteria given in this report.
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Physical Measurement of Sound

Measurements of octave band spectra may be used if the sound being analyzed
is broad-band and does not.contain sharp peaks in its apectrum that are narrower.
than one octave band in width.

When filters with bandwidths no wider than one-third octave are used to measure
the noise spectra, the maximum tolerable levels for different band center frequencies

and different durations are then found by reference to the right-hand ordinates of

Fig. | and Fig. 2, respectively. It is noted that the same right-hand ordinate can
be used regardless of the total bandwidth or spectrum of the noise, provided one-
third octave or narrower filters are used for making the spectrum analyais.

A "rule of thumb'' that can be used for determining whether a sound contains a
strong narrow band of energy that is less than one octave in width is: if the level of
the octave band immediately above and the octave band immediately below are each
less than the middle octave band by five or more decibels, it is likely that the sound
in question contains one or more strong bands of energy that are narrower than one
octave wide. If this is true, then the right-hand ordinate of Figs. 1 and 2 should be
consulted to determine maximum tolerable level, even though the sound spectrum
under question is expressed in octave band levels.

This rule is a rough guide and is not infallible. For example, if a strong
narrow-frequency band of energy less than, say, one-third octave wide falls in the
region of the crossover frequencies of adjacent octave band filters, the measured
sound pressure level would be the same for both octave bands and would thus give a
measured spectrum that had the appearance of being "flat" over those two adjacent
octave bands.

The same general rule (with the same general shortcomings) could be applied
to the use of either octave or one-third octave band filters for determining the apec-
trum of a sound containing strong pure-tone components. If very narrow bandpass
filters, only a few cycles wide, are not available for making spectral analysis, it is
recommended that one-third octave filters, the "5 dB rule'" mentioned above, and the
detection of pure tones by listening be used to determine if, and at what frequencies,
strong pure-tone components are present.

As a matter of poasible convenience to the reader, particularly with respect to
the interpretation of the abscissa of Fig. 2, the center and cut-off frequencies of
some commercially available filters that are often used for making spectral analyses
of noise are given in Table 2.
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Table 2

Center and Cut-off Frequencies of Somé Commercially Available Filters

One-third octave band filters

Octave band ﬁ.ltersL

One-third Center Cut-off Center Cut-off
octave frequencies frequencies Octave frequencies frequencies
1 50 44-55 1 63 44-87
2 63 55-71 2 125 87-175
3 80 71-90 3 250 175-350
4 100 90-112 4 500 350-700
5 125 112-140 5 1000 700-1400
6 160 140-179 6 2000 1400-2800
7 200 179-224 7 4000 2800-5600
8 250 224-280 8 8000 5600-12000
9 320 280-353
10 400 353-448 1 39 20-75
11 500 448-560 1 53 37-95
12 630 560-706 2 106 75-150
13 800 706-896 3 212 150-300
14 1000 896-1120 4 425 300-600
15 1250 1120-1400 5 850 600-1200
16 1600 1400-1790 6 1700 1200-2400
17 2000 1790-2240 7 3400 2400-4800
18 2500 2240-2800 8 6800 " 4800-9600
19 3200 2800-3530
20 4000 3530-4480 1 71 50-100
21 5000 4480-5600 2 141 100-200
22 6300 5600-7060 3 283 200-400
23 8000 7060-9080 4 506 400-800
24 10000 9080-11020. 5 1131 800-1600
6 2263 1600-3200
7 4525 3200-6400
8 9050 6400-12800
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